Vector magnetic fields at geosynchronous orbit were measured during 1980-1984 using the operational GOES 2, GOES 5, and GOES 6 spacecraft magnetometers. We corrected these spacecraft measurements for offsets due to spacecraft state and then used these field estimates to create a data base with l-min resolution. Hourly quiet field values were calculated for these years from this data base using the ground-based geomagnetic index criteria AE < 120 nT and IDstl < 20 nT. These quiet 
INTRODUCTION
Magnetometers on board geosynchronous spacecraft provide a convenient location for measuring changes in the size and shape of the magnetosphere. The solar wind interaction with the Earth's main field causes changes in the geosynchronous magnetic field that are usually identified with geomagnetic activity. A large set of magnetic observations have been acquired over the last 20 years from the GOES series of spacecraft, which when properly corrected for spacecraft state (system state of spacecraft instruments) contain information about the physical processes responsible for these changes.
The Earth's main field at synchronous orbit is approximately 100 nT with perturbations of up to about 50 nT depending on geomagnetic activity. Magnetic activity at synchronous orbit (6.6 R e (Earth radii), where 1 R e = 6371 km) is due to the superposition of several magnetospheric electrical current systems, including the magnetopause (Chapman-Ferraro) current, the ring current, and the tail current [Beard, 1960; Mead, 1964; Williams and Mead, 1965] . Each of these currents can cause perturbations of similar amplitude in the field components at synchronous orbit. Furthermore, the direction of the interplanetary magnetic field (IMF) has been shown to modulate magnetic activity; that is, a southward turning IMF is directly related to increasing magnetic activity [Dungey, 1961; Aubry et al., 1970] . Selection of quiet field intervals allows the investigation of geosynchronous field dependence on solar wind dynamic pressure alone, since the modulation due to the IMF direction is negligible for the quiet field. The quiet reference field must be known before perturbations from it can be studied.
Periodic variations in the quiet field are dependent on local time, season of the year, and orientation of the Earth's magnetic dipole axis relative to spacecraft geographic location [McPherron and Barfield, 1980] . The GOES synchronous magnetic data, available over many years, are potentially valuable, but they have not been used to create a new geomagnetic model or check existing models. We correct the geosynchronous field for changes in sp•.'•ecraft state, which allows us to investigate field variatiori:• due to solar wind dynamic pressure. We have carefully corrected the data for spacecraft state using the internal consistency of the quiet field to gain confidence in the correction.
In the present study we calculate the hourly median quiet magnetic field as a function of local time and season for the GOES 2, GOES 5, and GOES 6, spacecraft, which were located at 105øW, 75øW, and 135øW, respectively. These hourly median field components were calculated for the 
QUIET DAY GEOMAGNETIC FIELD

Background
The first step in calculating the quiet magnetic field is to decide on the conditions required to estimate the quiet unperturbed field. In a previous study, Mead and Fairfield [1975] used the ground-based geomagnetic index Kp as an indicator of magnetospheric magnetic activity, with the smallest activity corresponding to the quiet field. We also selected ground-based geomagnetic indices, AE and Dst (rather than Kp), which we feel improves the description of the magnetic activity at the spacecraft and hence the quiet field. The Kp index on some occasions may be contaminated by effects of ionospheric currents not directly related to magnetospheric magnetic activity; see, for example, Rostoker [1972] and Campbell [1979] . Furthermore, Kp is only available every 3 hours. In contrast, the AE index, as instantaneous measure of electrojet currents flowing through the auroral ionosphere, is available every minute. The Dst index, currently calculated every hour, is a measure of the equatorial ring current. This index is enhanced during intense magnetic activity that decreases the surface magnetic field [Campbell, 1979] 
Method
The median corrected data indexed to a range of AE and Dst values were used to calculate the quiet field. That is, we calculated the hourly median using the simultaneous criteria which is equivalent to a two-dimensional low-pass filter where the sixth and higher harmonics are completely attenuated. This analysis method required a mixed radix Fourier algorithm to transform the nonpower of two values of n (24 and 26); see, for example, Singleton [1969] . The standard Fourier digital transform requires 2 n input data points, resulting in 16 or 32 points for n = 4 or 5. These hourly smoothed field components are the input used in the Fourier series analysis in section 3.4.
The diurnal variations are nearly periodic with a 24-hour period, especially the H component as shown in Figure 2 . That is, the solar wind increases the pressure on the dayside magnetosphere, causing an increase in the field magnitude relative to the nightside. The uniform field is decreased by both the tail current and the equatorial ring current. Furthermore, the geomagnetic dipole together with its 11 ø diurnal tilt The Fourier coefficients, harmonic in time of day and season, are calculated using the quiet vector magnetic fields from the geosynchronous GOES spacecraft. The hourly quiet field estimates used Tables 1-3 (see  section 3 .4). *B = (H 2 + V 2 + D2) 1/2.
*B = (H 2 + V 2 + D2) 1/2. Similar results to the median values in Figures 2, 3, and 4 for any time of day and season can be calculated using equations (1)-(6) and the coefficients given in
Fourier Analysis
The Fourier series analysis of the magnetic quiet field is separated into two parts: (1) a two-dimensional Fourier analysis in time of day and season which allows a compact representation of the quiet field, and (2) a one-dimensional Fourier analysis in time of day centered at the equinoxes and solstices allowing the examination of the quiet field dependence on solar wind dynamic pressure. Sufficient data do not exist for a two-dimensional Fourier analysis in time of day, season, and dynamic pressure.
Two-Dimensional Fourier Analysis
The two-dimensional Fourier series in time of day (t) and season (r) is given by [Tolstov, 1976] coefficients "first order" in the present work, since only the first two complex coefficients are utilized: m, n -< 2. Additional coefficients would limit the compactness of the representation. The cross harmonics, e.g., a l2 and a21, are second-order terms almost always smaller than the other coefficients for these data.
We selected the time and season ranges as 0 -< t -< 23 and 0 -< r-< 25, which by symmetry reduces the total number of coefficients by eight, i.e., bon = CmO = dno = dmo --0 when m, n -< 2 based on equations (2) 
where eitherm =0andn = 1,2orn =0andm = 1,2in the present analysis.
The median quiet field components averaged over time and season are given in Table 4a . The median H and B values tend to decrease with the west longitude of the spacecraft. In contrast, the V component tends to increase. These changes are in the direction expected as the location of the spacecraft moves closer to the geomagnetic equator or equivalently as the west longitude of the spacecraft increases. Table   4b , where the first diurnal harmonic is r•o/2 and the second The Fourier coefficients, harmonic in time of day, were calculated for the GOES 2 quiet vector field. The hourly quiet estimates were calculated from the 1-min data indexed to AE, Dst, and Pa. The first column indicates the Fourier coefficients, and the next five columns give the associated pressures for which the coefficients were calculated. The coefficients are defined in equations (8) 
The amplitude of the first two harmonics is given in
where n = 1, 2 in the present analysis. Equations (i2) and (13) are used to study the field dependence on dynamic pressure in section 3.6.
Quiet Field Dependence on Solar Wind Dynamic Pressure
In this subsection the quiet geomagnetic field analysis described above is used to investigate the dependence of the field on solar wind dynamic pressure (Pa). This dependence is analyzed in terms of the Fourier coefficients given by equations (8)-(13). The amplitude of the harmonics c l and c2 is dependent on Pa and independent of time of day. These coefficients are a measure of the day-night asymmetry (diurnal variation) produced by the combination of compression by the solar wind pressure and, to a lesser extent, an expansion induced by the tail current. Increasing pressure decreases the scale of the magnetosphere, bringing both the magnetopause and the tail current closer to the spacecraft and thus increasing the amplitude of this harmonic. Furthermore, any mean field increase with Pa is a measure of a uniform field compression over the spacecraft orbit caused by an overall increase in field produced by equal compression on both the dayside and the nightside of the magnetosphere. The hourly dynamic pressure values in the solar wind needed for this analysis were obtained from NASA Pressure ( field as a function of time of day and pressure for the spring equinox is shown in Figure 5 . The Fourier coefficients as a function of season for the five pressure levels are given in Tables 6-8. These coefficients for the H component averaged over season are given in Table 9 .
The quiet mean and first harmonic of the H component increased with pressure level. In contrast, the second harmonic amplitude is nearly constant with a possible small increase with pressure; furthermore, all the amplitudes show little seasonal dependence. The quiet H field increase with pressure level is illustrated in Figure 6 , where the Fourier coefficients were averaged over all four seasons; i.e., little or no seasonal changes were detectable. The magnitude of the first harmonic (H-c•) increases about 20 nT from 11.9 nT to 32.7 nT (see Figure 6b) , whereas the mean field (H-a i) increases 4.5 nT from 80.2 nT to 84.8 nT (see Table 9 and Figure 6a ). The second harmonic hardly changes, since this term predicts two maxima and two minima per day, whereas the natural variation of the magnetospheric field is day-night (diurnal). All the coefficients can be approximated by a linear increase over the limited range of pressure. The variation of the total field is similar to the H component, the largest component of the vector field. However, the other two components, V and D, also depend on dynamic pressure. Indeed, the first harmonic amplitudes can also be approximated by a linear relationship with P•t, whereas little or no variation of their mean amplitude is detected (see Tables 10b and 10c Pressure (Pd) dynes/cm2xl 0 -8 Tables 4a and 9 ). The value of/• may be weakly dependent on spacecraft location, but we assume it is independent of this location. We can fit the power law dependence in terms of H, a free parameter based on equations (19) and (21) Pressure ( 1700 , , , , , , , , , , , , (• , , , , 
Fig. 7. Quiet H component variation with Pa and season: (a) the mean (H-ao), (b) the first harmonic (H-Cl), and (c) the first harmonic phase (H-O l). Little systematic dependence on season is
CONCLUSIONS
We correct the geomagnetic field using operational GOES synchronous spacecraft measurements allowing estimates of the vector field as a function of time of day and season. These measurements were used to generate quiet field estimates represented in a compact way using a two-dimensional Fourier series in time of day and season. We believe this is the first time that the quiet vector field at 6.6 Roe has been described quantitatively for all times of day and seasons. We. The magnetometer was initially calibrated on the ground and then adjusted at 6.6 Re, including a 90 ¸ spacecraft orientation maneuver selected during a magnetically quiet period shortly after launch. This procedure gives confidence in the relative accuracy of synchronous magnetic field measurement. For example, the GOES 5 and GOES 7 measurements of He were within -1 nT of each other when these spacecraft were colocated shortly after GOES 7 launch. This agreement means that the two parallel components of two spacecraft compare favorably; it does not imply that the absolute accuracy is within 1 nT. Indeed, the absolute accuracy is not known, since we have no method of measuring it in orbit. For the data base used here, the absolute values of the He are considered accurate to less than -5 nT, but how much less is unknown. However, for the 1-min data base the measurement errors due to the instrument calibration (such as nonlinearities and temperature dependencies) are probably small in comparison with the errors due to the spacecraft state, long-term drift, and initial calibration.
The dependence of the field on the spacecraft state and its instrument states can cause offsets in He up to about 10 nT with smaller offsets in the other two components. These offsets usually occur several times per day, which seriously contaminate the geophysical perturbations in the archived data. Therefore unless the offsets for each spacecraft state bias are corrected, the data cannot be used to investigate the quiet geomagnetic field variation.
We have developed a set of algorithms for correcting the data which were tested and then applied to GOES 5 and GOES 6 data using the command and status states. These states include the calibrations, offset and gain changes, instrument saturation, reaction control (RCS) burns, missing data during other instrument operation, and dwell times. A major portion of the offsets were manually corrected for GOES 2, since status information was not available for this earlier spacecraft. The l-rain median data base was created, with a significant portion of the data deleted to obtain the corrected data. The quality of the corrected data for GOES 2, GOES 5, and GOES 6 is considered good on the basis of : 
